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1.  INTRODUCTION 


High  frequency  pressure  oscillations  have  been  observed  in  regenerative  liquid 
propellant  gun  data.  These  pressure  oscillations  have  been  observed  in  calibers  ranging 
from  25  mm  through  155  mm  (Mandzy,  Cushman,  and  Magoon  1987;  Pate  and  Magoon 
1985;  Mandzy  et  al.  1983;  Magoon,  Haberl,  and  Purtee  1989;  Watson  1989;  Knapton  and 
Watson,  to  be  published).  The  effect  of  pressure  oscillations  on  projectile  integrity  and 
projectile  payloads  is  a  key  technical  issue  in  the  liquid  propellant  gun  program.  A  great 
deal  of  effort  has  been  directed  toward  the  study  of  varying  the  gun  system  and  propellant 
to  alleviate,  or  at  least  dampen,  these  pressure  oscillations.  Interest  has  been  expressed 
in  initiating  programs  to  determine  the  effects,  if  any,  that  oscillations  have  on  the  projectile. 
A  project  was  initiated  to  study  the  effects  of  chamber  pressure  oscillations  on  the  projectile 
in  a  30-mm  Concept  VI  RLPG. 


In  order  to  determine  the  effects  of  pressure  oscillations,  the  projectile  must  be 
instrumented  with  transducers  that  will  allow  projectile  acceleration  and  base  pressure  data 
to  be  recorded.  Various  methods  of  transferring  this  information  to  a  medium  where  it  can 
be  recorded  have  been  devised  for  both  small  and  large  caliber  solid  propellant  gun 
systems  (Evans  1985;  Craig  1973;  Morrow  1972).  Most  of  these  methods  required  onboard 
data  recorders,  wire  collection  scoops,  complex  transmitting  and  receiving  electronics,  or 
other  elaborate  and  expensive  data  transmission  schemes.  Due  to  budget  and  gun  system 
constraints,  none  of  the  methods  of  telemetry  that  were  found  in  the  literature  were  suitable 
for  our  application.  The  scoop  methods  were  limited  to  lo'.vor  velocities  than  we  were 
expecting  (800-1000  m/s),  and  it  was  uneconomical  to  machine  a  scoop  for  each  test  due 
to  the  lack  of  a  proper  soft  recovery  system.  Space  and  bandwidth  constraints  made  any 
type  of  radio  frequency  telemetry  or  onboard  recording  system  too  large  and  too  expensive. 
Thus,  a  low  cost  hardwire  telemetry  method  was  designed  that  took  advantage  of  high 
strength  composite  fiber  technology  to  maintain  contact  between  the  transducers  and  the 
recording  system  during  the  interior  ballistic  cycle.  To  out  knowledge,  this  method  had 
never  been  used  successfully  in  the  interior  ballistic  environment.  This  paper  describes 
the  early  development  of  a  hardwire  telemetry  method  that  is  being  investigated  at  the 
BRL.  Preliminary  data  are  presented,  a  partial  analysis  is  put  forward,  and  improvements 
to  this  technique  are  suggested. 

2.  METHODOLOGY 

The  hardwire  telemetry  method  is  an  inexpensive  method  of  transferring  data  f.  om 
an  instrumented  projectile  to  a  data  recording  medium.  A  hollow  composite  extension  rod 
is  mounted  on  the  front  of  an  instrumented  projectile  through  which  the  transducer  wires 
are  threaded.  A  composite  rod  provides  significant  strength  to  support  the  at  greatly 
reduced  mass  as  compared  to  an  equal  strength  metal  configuration  ms  the  forces 
generated  are  primarily  due  to  acceleration  loading  of  the  projectile,  minimization  of  the 
support  system  mass  is  of  utmost  importance.  The  extension  rod  protects  the  wires  from 
the  inbore  environment  and  alleviates  any  pinching  of  the  transmission  wires  between  the 
projectile  and  the  bore  during  the  first  several  feet  of  travel. These  wires  are  then  extended 
out  of  the  muzzle  and  attached  to  a  stationary  blast  stand  to  keep  them  from  resting  on 
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the  inside  of  the  gun  tube  wall.  Data  from  an  onboard  accelerometer  and  base  pressure 
gage  are  transmitted  over  the  wires,  through  signal  conditioning  hardware  external  to  the 
gun  system,  and  recorded  until  the  wires  are  destroyed. 

3.  EXPERIMENTAL 

3.1  Instrumentation.  Testing  of  the  new  hardwire  telemetry  technique  was  per¬ 
formed  in  a  30-mm  Concept  VI  RLPG.  Figure  1  shows  the  Concept  VI  RLPG  (Knapton, 
Watson,  and  Boyer,  to  be  published).  The  top  half  of  the  drawing  shows  the  system  before 
firing  and  the  bottom  half  shows  the  system  after  firing.  Chamber  pressure  measurements 
were  taken  in  the  J,  C,  and  A  planes  as  shown  in  the  figure.  Three  pressure  measurements 
were  also  taken  in  the  barrel.  The  barrel  locations  were  at  3.8,  50.8,  and  122.6  centimeters 
from  the  chamber  end  of  the  barrel.  They  are  referred  to  as  Barrel  1,  Barrel  2,  and  Barrel 


Gage  Locations  (cm) 
AC  J 


PROJECTILE 


Figure  1 .  Concept  VI  Regenerative  Liquid  Propellant  Gun 


3,  respectively.  The  barrel  gages  are  used  to  measure  tube  pressure  and  discrete  projectile 
position  as  determined  by  a  sharp  rise  in  pressure  seen  on  the  pressure  versus  time  plot. 
All  pressure  measurements  were  made  using  Kistler  607C4  piezoelectric  pressure  trans¬ 
ducers.  A  PCB  305M09  piezoelectric  accelerometer  was  used  to  measure  projectile 
acceleration.  In  addition  to  these  measurements,  microwave  interferometry  was  used  to 
measure  projectile  motion  and  an  optical  tracking  device  was  used  to  measure  the  injection 
piston  motion.  Each  test  used  160  cm^  of  Liquid  Gun  Propellant  1845  and  a  3.6  gram  solid 
propellant  igniter  (IMR  4350). 
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3.2  Telemetry  Configurations.  Four  test  rounds  were  tired.  Three  were  performed 
using  the  hardwire  telemetry  technique  described  above.  A  fourth  round,  which  was  used 
as  a  baseline,  had  the  transmission  wires  extended  out  the  muzzle  without  the  use  of  an 
extension  rod. 


The  first  test  (41 5-56)  configuration  is  shown  in  Figure  2.  Forthistest  a30-mm  brass 
projectile  was  machined  to  house  an  accelerometer.  A  hollow  fiber  composite  extension 
rod  107  centimeters  in  length  was  mounted  to  the  front  of  the  projectile.  Nylon  reinforced 
wires  [32  gauge]  were  connected  to  the  accelerometer  and  threaded  through  the  inside  of 


the  fiber  composite  extension  rod.  The  wires  were  attached  to  the  end  of  the  rod  in  an 
attempt  to  keep  them  taut  during  early  projectile  travel.  The  purpose  of  the  bearing  was  to 
minimize  the  angular  acceleration  of  the  extension  rod  as  the  projectile  spun  due  to  the 
rifling  in  the  barrel.  The  mass  of  the  projectile,  rod,  and  wire  was  276  grams.  After  test 
41 5-56,  It  was  determined  that  the  material  properties  of  the  30-m,m  brass  projectile,  when 
machined  for  an  accelerometer,  were  too  weak  to  withstand  the  ballistic  loads  that  it  was 
subjected  to  during  firing.  This  determination  led  to  the  design  of  a  steel  projectile  that 
could  house  both  an  accelerometer  and  a  base  pressure  gage. 
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Figure  3.  Telemetry  Configuration  Using  Steel  Prr:;ect:le 


Figure  3  shows  the  design  of  the  steel  projectile  that  was  used  in  tests  415-68. 
415-74,  and  415-75.  It  consisted  of  a  10.2  cm  steel  projectile  machined  to  house  a  base 
pressure  gage  and  an  accelerometer.  Also  included  in  the  design  is  a  brass  rifling 
engraving  slip  band  designed  to  reduce  the  rotational  acceleration  of  the  projectile  and 
extension  rod.  This  design  used  a  lighter,  stronger  graphite  extension  rod  measuring  68.6 
cm  in  length.  The  same  teflon  coated  wire  [32  gauge]  was  used.  A  foam  bore  rider  was 
included  to  alleviate  any  "whipping"  of  the  end  of  the  rod  that  may  have  occurred  and  to 
give  the  rod  support.  This  projectile  was  retrieved  and  reused  after  firing.  All  that  was 
needed  was  a  new  engraving  band.  The  accelerometer  was  also  able  to  be  reused  in  tests 
41 5-74  and  415-75.  However,  the  base  pressure  gage  was  not  reusable. 


Since  the  projectile  configuration  of  test  415-68  maintained  its  integrity,  it  was  fired 
again  (test  41 5-74)  with  two  small  changes.  In  place  of  the  32  gauge  wire,  22  gauge  wire 
was  used.  It  was  hoped  that  the  larger  wire  would  allow  for  greater  projectile  travel  before 
data  loss.  The  base  pressure  gage  was  also  eliminated  to  simplify  the  test  since  base 
pressure  data  had  been  lost  on  the  previous  test.  The  mass  of  the  projectile,  rod,  and  wire 
was  720  grams.  After  firing,  the  projectile  and  accelerometer  were  both  found  to  be 
reusable. 


Test  41 5-75  was  fired  to  obtain  a  data  baseline  for  comparison  with  the  tests  using 
the  extension  rod.  The  same  projectile  and  accelerometer  used  in  the  previous  test  were 
used  without  the  aid  of  an  extension  rod.  The  mass  of  the  projectile  and  22  gauge  wire 
was  600  grams.  After  firing,  the  projectile  and  accelerometer  were  both  found  to  be 
reusable. 


3.3  Results  and  Discussion.  The  results  of  the  tour  round  series  are  summarized 
in  Table  1 .  Although  projectile  base  pressure  measurements  were  attempted,  no  discern¬ 
ible  data  was  recorded. 


Figure  4  shows  a  plot  of  measured  projectile  acceleration  versus  time  and  Figure 
5  shows  a  plot  of  measured  cha.mber  pressure  in  the  J-plane  (gage  J1 20)  versus  time  for 
test  415-56.  The  pressure  oscillations  seen  in  Figure  5  are  typical  in  the  Concept  VI  RLPG. 


Table  1 .  Summary  of  Telemetry  Test  Data _ 

DOMINANT  FREQUENCY  (kHz) 


i  TEST 

PROJECTILE 

WIRE  ^ 

i 

MASS(g) 

I  I 

GAUGE  VE 

415-75 

600 

22 

415-56 

276 

32 

415-68 

'  676 

32 

(m/i 


415-74  I 


720 


22 


BREAK 
VELOCITY 
(m  s) 

BREAK  '  CHAMBER 
DISTANCE.  PRESSURE  , 
(cm)  (MPA) 

CHAMBER 

(J120) 

PROJECTILE 

BARREL 

(#1) 

204 

20.9 

280 

59 

- 

62 

247 

22.9 

138 

29 

- 

25 

263 

24,9 

257 

56 

53 

57 

'  165 

11.6 

214 

57 

- 

59 

801 


Comparing  the  accelerometer  data  to  the  pressure  data,  it  is  seen  that  the  acceler¬ 
ometer  transmission  data  were  lost  before  the  pressure  oscillations  began.  The  distance 
that  the  projectile  traveled  before  transmission  loss  occurred  was  approximately  22.9  cm. 
This  distance  was  determined  by  integrating  the  acceleration  curve  twice  which  produced 
a  travel  versus  time  curve  for  the  projectile.  By  taking  the  time  when  the  projectile  passed 
the  first  barrel  gage,  and  comparing  this  time  with  the  corresponding  time  on  the  travel 
curve,  an  acceleration  calibration  adjustment  was  made.  Using  this  information,  the  travel 
at  time  of  transmission  loss  was  calculated.  Unfortunately  all  attempts  to  acquire  inter¬ 
ferometer  data  were  unsuccessful,  most  likely  due  to  the  extension  rod,  and  therefore 
further  validation  of  these  results  was  not  possible.  By  using  the  same  method,  the  velocity 
of  the  projectile  at  the  time  of  transmission  loss  was  determined  to  be  approximately  247 
m/s.  A  Fast  Fourier  Transform  (FFT)  of  the  chamber  pressure  and  the  first  barrel  pressure 
produced  apparent  dominant  frequencies  of  29  kHz  and  25  kHz,  respectively. 

Figure  6  shows  a  plot  of  measured  projectile  acceleration  versus  time.  Figure  7 
shows  a  plot  of  measured  chamber  pressure  versus  time,  and  Figure  8  shows  a  plot  of 
measured  barrel  pressure  (barrel  1 )  versus  time  for  test  415-68.  Oscillations  are  apparent 
on  the  acceleration  plot  just  prior  to  data  transmission  loss.  Figures  9,  10,  and  11  show 
expanded  plots  of  projectile  acceleration,  chamber  pressure,  and  barrel  pressure,  respec¬ 
tively.  It  is  evident  from  Figure  9  that  at  least  nine  cycles  of  oscillations  occur  before  data 
transmission  is  lost.  The  frequency  of  these  oscillations  was  calculated  by  counting  the 
cycles  as  shown  in  Figure  9  and  was  found  to  be  52.9  kHz.  The  frequency  of  the  oscillations 
in  the  chamber  was  calculated  over  the  same  time  and  was  determined  to  be  58  kHz. 
Likewise,  the  frequency  of  the  oscillations  on  the  barrel  pressure  was  calculated  over  the 
same  time  and  was  determined  to  be  57  kHz.  To  confirm  these  frequencies.  FFT’s  were 
done  on  each  as  shown  in  Figures  12,  13,  and  14.  The  resultant  dominant  frequencies  for 
the  accelerometer,  chamber  pressure,  and  barrel  pressure,  were  53  kHz,  56  kHz,  and  57 
kHz,  respectively.  The  authors  were  unable  to  draw  any  conclusions  concerning  the 
amplitude  of  the  oscillations  observed  on  the  accelerometer  data.  The  distance  that  the 
projectile  traveled  before  data  transmission  loss  was  approximately  24.9  cm  and  the 
projectile  velocity  at  that  time  was  approximately  263  m/s. 

Figure  15  shows  a  plot  of  measured  projectile  acceleration  versus  time  and  Figure 
16  shows  a  plot  of  measured  chamber  pressure  versus  time  for  test  415-74.  Comparing 
the  accelerometer  data  to  the  pressure  data,  it  is  seen  that  the  accelerometer  transmission 
data  was  lost  before  the  pressure  oscillations  began.  The  substitution  of  heavier  gauge 
wire,  which  was  expected  to  yield  greater  transmission  distance,  was  detrimental  to  the 
telemetry  system  performance.  The  distance  that  the  projectile  traveled  before  transmis¬ 
sion  loss  occurred  was  calculated  to  be  approximately  1 1 .6  cm.  The  velocity  at  the  time  of 
transmission  loss  was  determined  to  be  165  m/s.  An  FFT  of  the  chamber  pressure  and 
the  first  barrel  pressure  produced  apparent  dominant  frequencies  of  57  kHz  and  59  kHz, 
respectively. 

Figure  i7  shows  a  plot  of  measured  projectile  acceleration  versus  time  and  Figure 
18  shows  a  plot  of  measured  chamber  pressure  versus  time  for  test  415-75.  Comparing 
the  accelerometer  data  to  the  pressure  data,  it  is  seen  that  the  accelerometer  transmission 


data  were  lost  before  the  pressure  oscillations  began.  The  distance  that  the  projectile 
traveled  before  transmission  loss  occurred  was  calculated  to  be  approximately  20.9  cm. 
The  velocity  at  the  time  of  transmission  loss  was  determined  to  be  204  m/s.  An  FFT  of  the 
chamber  pressure  and  the  first  barrel  pressure  produced  apparent  dominant  frequencies 
of  59  kHz  and  62  kHz,  respectively. 

Using  the  hardwire  telemetry  technique  (test  415-68),  an  increase  of  4  cm  in  data 
transmission  distance  was  achieved  over  the  round  that  did  not  use  the  extension  rod  technique 
(test  415-75).  This  increase  in  travel  before  loss  of  data  transmission  yields  data  that  suggests 
there  are  oscillations  being  experienced  by  the  projectile  in  the  30-mm  Concept  VI  RLPG. 
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Figure  6  Test  415-68  Projectile  Acceleration 


ns 

Q. 


LU 

Q. 

3 

CO 

CO 

LU 

□C 

CL 


■  Me  ig.0H 

TIME  (ms) 


Figure  7  Test  415-68  Chamber  F^re'ssure  (.1120) 
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Figure  14  Test  415-68  FFT  of  Barrel  1  Pressure 

Based  on  the  limited  test  data  that  have  been  acquired,  it  is  apparent  that  there  are 
several  areas  of  improvement  that  must  be  addressed.  It  is  possible  that  as  the  projectile 
accelerated  down  tube,  the  extension  rod  may  not  have  accelerated  with  it.  In  this  case, 
the  extension  rod  would  have  collapsed,  explaining  why  limited  data  transmission  distance 
was  achieved.  In  addition,  the  transmission  wires  may  have  broken  prematurely  because 
of  the  fact  that  they  were  forced  to  "turn  around"  inside  the  tube  as  the  extension  rod 
accelerated. 

4.  CONCLUSIONS.  Projectile  base  pressure  and  acceleration  data  are  critical  to 
the  assessment  of  pressure  oscillation  effects  in  liquid  propellant  guns.  The  hardwire 
teieruelfy  method  demonstrated  limited  success.  Use  of  this  method  provided  acceleration 
data  4  cm  beyond  the  transmission  distance  achieved  without  an  extension  rod.  Projectile 
acceleration  data  were  recorded  that  exhibited  oscillatory  behavior  similar  to  that  seen  in 
both  the  chamber  and  in  the  barrel  of  the  30-mm  Concept  VI  RLPG  data.  Further,  it  was 
determined  that  the  dominant  frequencies  of  the  projectile  accelerometer,  chamber  pres¬ 
sure  in  the  J-plane,  and  the  first  barrel  pressure  were  53  kHz,  56  kHz,  and  57  kHz. 
respectively,  for  test  415-68.  Insufficient  data  has  been  collected  to  make  further  state¬ 
ments  concerning  the  nature  of  the  oscillations  seen  in  the  projectile  acceleration  data. 


Several  areas  of  improvement  have  been  identified  that  must  be  addressed  in  the 
future  Investigation  into  a  stronger  or  more  rigid  extension  rod  would  be  desirable.  The 
projection  of  the  extension  rod  out  of  the  muzzle  could  possibly  alleviate  premature  data 
transmission  loss  due  to  the  "turning  around"  of  the  transmission  wire  in  the  bore.  More 
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Figure  17  Test  415-75  Projectile  Acceleration 
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Figure  18  Test  415-75  Chamber  Pressure  (J120) 

extensive  diagnostics,  such  as  flash  X-rays  and  high  speed  photography  could  also  be 
useful  in  studying  the  integrity  of  the  extension  rod. 
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1  California  Institute  of  Technology 

204  Karman  Laboratory 
Main  Stop  301-46 
ATTN:  F.E.C.  Culick 
1201  E.  California  Street 
Pasadena,  CA  91109 

1  California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  L,  D.  Strand,  MS  512/102 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109-8099 

1  University  of  Illinois 

Department  of  Mechanical/Industrial 
Engineering 
ATTN;  H.  Krier 

144  MEB;  1206  N.  Green  Street 
Urbana,  IL  61801-2978 

1  University  of  Massachusetts 

Department  of  Mechanical  Engineering 
ATTN:  K.  Jakus 
Amherst,  MA  01002-0014 

1  University  of  Minnesota 

Department  of  Mechanical  Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55414-3368 

3  Georgia  Institute  of  Technology 

School  of  Aerospace  Engineering 
ATTN:  B.T.  Zinn 
E.  Price 
W.C.  Strahle 
Atlanta,  GA  30332 

1  Institute  of  Gas  Technology 

ATTN.  D.  Gidaspow 
3424  S.  State  Street 
Chicago,  IL  60616-3896 

1  Johns  Hopkins  University 

Applied  Physics  Laboratory 
Chemical  Propulsion 
Information  Agency 
ATTN:  T.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20707-0690 
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1  Massachusetts  Institute  of  Technology 

Department  of  Mechanical  Engineering 
ATTN:  T.  Toong 
77  Massachusetts  Ave. 

Cambridge,  MA  02139-4307 

1  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  G.  M.  Faeth 
University  Park,  PA  16802-7501 

1  Pennsylvania  State  University 

Department  of  Mechanical  Engineering 
ATTN:  K.  Kuo 

University  Park,  PA  16802-7501 

1  Purdue  University 

School  of  Mechanical  Engineering 
ATTN:  J.  R.  Osborn 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47907-1199 

1  SRI  International 

Propulsion  Sciences  Division 
ATTN:  Technical  Library 
333  Ravenwood  Ave. 

Menlo  Park,  CA  94025-3493 

1  Rensselaer  Ploytechnic  Institute 

Department  of  Mathematics 
Troy,  NY  12181 

2  Director 

Los  Alamos  Scientific  Laboratory 

ATTN:  T3,  D.  Butler 

M.  Division,  B.  Craig 
P.O.  Box  1663 
Los  Alamos,  NM  87544 

2  Director 

Sandia  National  Laboratories 
ATTN:  R.  Carling 

R.  Rychnovaky 
P.O.  Box  5800 
Albuquerque,  NM  87185 


1  General  Applied  Sciences  Laboratory 

ATTN:  J.  Erdos 
77  Raynor  Ave. 

Ronkonkama,  NY  11779-6649 

1  Battelle  PNL 

ATTN:  Mr.  Mark  Gamich 
P.O.  Box  999 
Richland,  WA  99352 

1  Stevens  Institute  of  Technology 

Davidson  Laboratory 
ATTN:  R.  McAIevy,  III 
Castle  Point  Station 
Hoboken,  NJ  07030-5907 

1  Rutgers  University 

Department  of  Mechanical  and 
Aerospace  Engineering 
ATTN:  S.  Temkin 
University  Heights  Campus 
New  Brunswick,  NJ  08903 

1  University  of  Southern  California 
Mechanical  Engineering  Department 
ATTN:  0HE200,  M.  Gerstein 

Los  Angeles,  CA  90089-5199 

2  University  of  Utah 

Department  of  Chemical  Engineering 
ATTN:  A  Baer 

G.  Flandro 

Salt  Lake  City,  UT  84112-1194 

1  Washington  State  University 

Department  of  Mechanical  Engineering 
ATTN;  C.  T.  Crowe 
Pullman,  WA  99163-5201 

1  Alliant  Techsystems,  Inc. 

ATTN:  R.  E.  Tompkins 
MN38-3300 
5700  Smetana  Drive 
Minnetonka,  MN  55343 

1  Science  Applications,  Inc. 

ATTN:  R.  B.  Edelman 
23146  Cumorah  Crest  Drive 
Woodland  Hills.  CA  91364-3710 
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1  Battelle  Columbus  Laboratories 

ATTN:  Mr.  Victor  Levin 
505  King  Ave. 

Columbus.  OH  43201-2693 

1  Allegheny  Ballistics  Laboratory 

Propulsion  Technology  Department 
Hercules  Aerospace  Company 
ATTN;  Mr.  Thomas  F.  Farabaugh 
P.O.  Box  210 
Rocket  Center,  WV  26726 

1  MBR  Research  Inc. 

ATTN:  Dr.  Moshe  Ben-Reuven 
601  Ewing  St.,  Suite  C-22 
Princeton,  NJ  08540 


Aberdeen  Proving  Ground 


1 


Cdr,  CSTA 

ATTN.  STECS-PO,  R.  Hendricksen 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it 
publishes.  Your  comments/answers  below  will  aid  us  in  our  efforts. 

1.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of 
interest  for  which  the  report  will  be  used.)  _ _ 


2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.) _ _ _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or 
dollars  saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please 
elaborate.  _  _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports? 
(Indicate  changes  to  organization,  technical  content,  format,  etc.)  _ 


BRL^TR—  3285 

BRL  Report  Number _ _ Division  Symbol 

Check  here  if  desire  to  be  removed  from  distribution  list.  _ 

Check  here  for  address  change.  _ 

Current  address;  Organization  _ 

Address  _ 


Department  of  the  Army 

Director 

U  S.  Army  Ballistic  Research  Laboratory 
ATTN;  SLCBR-DD-T 

Aberdeen  Proving  Ground,  WD  21005-5066 


OFRCIAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  ClASS  PERMIT  No  0001,  VG,  MO 


Postage  wnll  be  paid  by  addressee 


NO  POSTAGE 
necessary 
IF  mailed 
tN  THE 

UNITED  STATES 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN;  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


